REPORT  DOCUMENTATION  PfGE 


tor,.  Approved 

OMB  No  0704-0188 


r\..  •  <?O0  't  *r;r  t  cl^niQ*  0*  \  TO  4«ei4Q*  ’  '’Our  D*r  response  fC\-0^9  \.mf  <0*  revie****?  >*nifwa*C"».  i*4f<*»ng  fi-sl-Og  0414  )Ovr<n 

^<;t  *.♦  ( •  j  »n<3  in*  data  needed,  ano  <.<."■  :>et'ng  <jno  re*'4**«rq  the  clieciion  o<  iMcr**4t'C*  Sena  comment*  regj'dmg  th»*  txrden  esim4te  0'  4n*  other  *spea  o<  th«% 

<  oHe»‘iion  at  *n»or  jt'O*'  Eluding  tugge*t<on*  »o'  *e0w<.m<3  th«s  Durae*  to  A^sh-nqton  He40au4ne/s Se/.ues  0»rectoc4te  for  mfo'm4t»on  Operation*  4f>d  Repon*.  UiS;etfer*on 
0«v*i  <-:.ghv»4¥.  Sjiie  *<C4  Arlington,  va  22202^302  4"<j  to  the  0*<ue  o*  M4r«*geme«>t  Budget  p4per*o'k  Reduction  Project  (0 ?W-0 ’M). /Vevhington,  DC  i050) 


1.  AGENCY  USE  ONLY  (Leave  blank) 

2.  REPORT  DATE 

Nov.  15,  1993 

3.  REPORT  TYPE  ANt 

Technical  Re 

>  OATES  COVERED 

port  #4 

1  4.  TITLE  ANO  SUBTITLE  i 

5.  FUNDING  NUMBERS 

Efficiency  of  reversible  optical  storage  in  azo  polymers 


6.  AUTHOR(S) 


N00014-93-1-0615 


P.  Rochon,  J.  Mao,  A.  Natansohn  and  S.  Xie 


J.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESSES) 

Department  of  Chemistry 

Queen' s  University  V 

Kingston,  Ontario 


K7L  3N6 

Canada  t,  .  .  •; 

9.  SPONSORING  /MONITORING  AGENCY  NAME(S)  AND  ADDRESSES)  1 


t 

if 


8.  PERFORMING  ORGANIZATION 


10.  SPONSORING /MONITORING 
AGENCY  REPORT  NUMBER 


Department  of  Navy 
Office  of  Naval  Research 
800  North  Quincy  Street 
Arlington,  Va  2217-5000 

11.  SUPPLEMENTARY  NOTES 

Proceedings  of  the  SPIE  meeting  1993,  Vol  2042  "Photopolymers  and  Applications  in 
Holography,  Optical  Data  Storage,  Optical  Sensors  and  Interconnects",  R.A.  Lfissard, 


_ 

12a.  DISTRIBUTION /AVAILABILITY  STATEMENT 

12b.  DISTRIBUTION  code 

Reproduction  in  whole  or  in  part  is  permitted  for  any 

purpose  of  the  United  States  Government.  This  document 

has  been  approved  for  public  release  and  sale;  its 

distribtuion  is  unlimited. 

13.  ABSTRACT  (Maximum  200  words) 


Optical  information  can  be  stored,  erased  or  overwritten  on  polymer  thin  films 
using  polarized  light.  The  information  is  in  the  power  probe  beam.  We  have 
measured  the  efficiency  of  the  writing  beam  in  a  number  of  polymer  and  cooolymer 
films  containing  azobenzene  dyes  as  side  groups.  In  this  paper  we  compare  the 
results  amongst  the  polymers  have  synthesized.  Preliminary  results  indicate  that 
copolymers  may  be  optimized  to  allow  for  the  preparation  of  efficient  thick  films 


for  erasable  optical  recording. 

93  11  19  : 

L  36 

14.  SUBJECT  TERMS 

optical  storage,  azo  polymers,  efficiency,  copolymers 

IS.  NUMBER  OF  PAGES 

6 

16.  PRICE  CODE 

17.  SECURITY  CLASSIFICATION 

OF  REPORT 

Unclssif ied 

18  SECURITY  CLASSIFICATION 

OF  THIS  PAGE 

Unclassified 

19.  SECURITY  CLASSIFICATION 

OF  ABSTRACT 

Unclassified 

20.  LIMITATION  OF  ABSTRACT 

Unlimited 

NSN  7540-01-280-S500  Standard  Form  298  (Rev  2-89 

P'escnoea  &y  4*SJ  Sxo  Z39- ’  8 
J98-1C2 


Best 

Available 

Copy 


OFFICE  OF  NAVAL  RESEARCH 

GRANT:  N00014-93-1-0615 
R&T  CODE:  4132081 
Scientific  Officer:  Dr.  Kenneth  J.  Wynne 

TECHNICAL  REPORT  NO.  4 

EFFICIENCY  OF  REVERSIBLE  OPTICAL  STORAGE  IN  AZO  POLYMERS 

by 

P.  Rochon,  J.  Mao,  A.  Natansohn  and  S.  Xie 

Submitted  for  publication 
in 

Proceedings  of  SPIE  meeting  1993,  Vol.  2042  "Photopolymers  and 
Applications  in  Holography,  Optical  Data  Storage,  Optical  Sensors  and 

Interconnects",  R.  A.  Lessard  Ed. 

Department  of  Chemistry 
Queen's  University 
Kingston,  On.,  Canada 

November  15,  1993 


Reproduction  in  whole  or  in  part  is  permitted  for  any  purpose  of  the 

United  States  Government 


This  document  has  been  approved  for  public  release  and  sale; 
its  distribution  is  unlimited. 
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ABSTRACT 

Optical  information  can  be  stored,  erased  or  overwritten  on 
polymer  thin  films  using  polarized  light.  The  information  is  in  the 
form  of  localized  dichroism  and  birefringence  and  is  read  using  a  loo 
power  probe  beam.  We  have  measured  the  efficiency  of  the  writing  beam 
in  a  number  of  polymer  and  copolymer  films  containing  azobenzene  dyes 
as  side  groups.  In  this  paper  we  compare  the  results  amongst  the 
polymers  we  have  synthesized.  Preliminary  results  indicate  that 
copolymers  may  be  optimized  to  allow  for  the  preparation  of  efficient 
thick  films  for  erasable  optical  recording. 


7.  INTRODUCTION 

Azopolymers  have  been  shown  to  exhibit  long  term  stability  in 
optically  induced  changes  in  their  optical  properties,  in  particular  in 
induced  birefringence  and  dichroism.  Furthermore  the  optical 
information  can  be  erased  optically  or  thermally,  or  overwritten  . 
These  qualities  thus  make  films  made  of  azopolymers  very  good 
candidates  for  erasable  optical  memories  or  for  applications  in 
electrooptics . 


In  recent  years  a  concentrated  effort  has  been  made  to  understand^, 
quantify  and  control  the  mechanisms  involved  in  the  optical  recording- 
.  The  fundamental  mechanism  involves  the  reorientation  of  the 


optically  anisotropic  azoaromatic  molecules  in  the  polymer.  This  is 
accomplished  by  a  selective  photoisomerization  of  the  molecules.  It  is 
well  known  that  azobenzene  can  photochemically  isomerize  from  the 


stable  trans  configuration  to  its  cis  configuration.  The  cis  form  can 
then  isomerize  back  to  the  trans  form  either  photochemically  or 


thermally.  One  cycle  of  this  trans-cis-trans  isomerization  will  result 
in  a  reorientation  of  the  trans  molecule.  The  photoisomerization  is 


induced  using  linearly  polarized  light  which  is  absorbed  by  the  azo 
dye.  The  probability  of  a  particular  molecule  undergoing  a 
reorientation  will  be  proportional  to  the  square  of  the  angle  between 
the  molecular  axis  and  the  linear  polarization  direction.  As  the  sample 
is  exposed  to  the  writing  beam,  the  number  of  molecules  lying  parallel 
to  the  polarization  direction  will  thus  be  decreased  while  those  in  the 


perpend icu lar  direction  will  increase.  1  he  net  result  is  an  ied"  ■  I 
local  birefringence  and  dichroism  in  the  polymer  film. 

When  the  azobenzene  groups  are  attached  as  side  groups  to  m  t  > 
polymer  chains,  it  has  been  found  that  the  photoinduced  ani  ed'  i  y  i  •  ■ 
maintained  over  long  periods  of  time,  at  least  for  up  to  l.wo  yf,-n  , 
with  little  degradation.  Because  the  cis  to  trails  isomer  i  zat  i  mi  --’n  I  ■ 
optically  induced  and  that  the  quantum  yields  for  this  process  )>>  -  i  n 
found  to  be  greater  than  the  trails  to  cis  photoisomerization  fir*  t  l  > 
for  reaching  a  saturation  of  the  optical  anisotropy  can  be  r°  I  a  t  i  v*  b, 
short,  typically  one  second  or  less  for  a  writing  beam  power  o| 
W/cm2 .  When  the  writing  beam  is  turned  off  the  induced  hire  < '  i  o 

can  relax  to  about  80%  of  its  saturation  value  and  remains  stable.  I h" 
information  can  then  be  read  nondestructi  vely  with  a  probe  bean  chi'-h 
detects  the  birefringence. 

In  the  present  work  we  report  on  the  preliminary  studies  that 
have  done  on  several  polymers  and  copolymers  to  characterize  the 
efficiency  of  the  writing  process  on  the  polymer  films. 

3.  MATERIALS 

The  polymers  that  we  have  studied  are  amorphous  polymers  with  high 
glass  transition  temperatures  containing  azoaromatic  groups  on  tli^  sid^ 
chains.  We  have  also  studied  a  series  of  polymers  made  from  the 
copolymerization  of  methyl  methacrylate  (HMA)  with  pDRIA  as  w^  1  1  as 
blends  of  pDRIA  with  PUMA.  The  structures  of  the  various  polymers  ai  e 
represented  below: 

'  '  *  '  11  '  U  ■  •  1  '  <  ft  •  ff  if*  ff  i  II.  i  ||.  \  r  ii,  .  i|,  M 


I  f  T  t  '•’( 


CHj  Ml  — 

-Ml,  CM 

*  I 

i  ii,  «; 

i 

(  M,  •  M 

r~■r^ 

<  -ft 

i  •  it 

i 

l 

i 

K  1 1 

f  > 

t 

1 

i 

ah 

Ml  j 

Ml. 

i 

1 

i 

V"> 

'  II, 

i 

i  1 1 , 

( 

1'  .  ’! 

N  - c;n.  f  II, 

v  <  II,  i  ll» 

l 

i 

i 

J. 

|f  '| 

a 

IOI 

Ip 

1 

I 

- . 

■ 

M 

[ 

1 

It  '1 

N 

ri 

1 

n 

i 

l  t 

i 

1 

>  f  l 

I1  '! 

i." 

Ip 

l«jl 

i 

n,'i 

1 

NO, 

pppt  \ 

pi  **•’  1  ’A 

|  SI  \ 

,|-M\ 

4.  EXPERIMENT 


The  polymers  were  dissolved  in  tetrahydrof uran  (THF)  and  J  ilms 
were  made  by  spin  casting  on  glass  substrates.  The  film  thicknesses 
were  selected  such  that  at  least  25%  of  the  writing  beam  v-' 3  r' 
transmitted  through  the  sample.  This  was  done  in  an  attempt  to  avoid 
complications  due  to  sample  thickness. 

The  birefringence  of  the  film  at  632. 8nm  was  measured  by  piecin'! 
the  sample  between  crossed  linear  polarizers.  A  10  microwatt  nolle  ]  ver 
was  used  as  probe.  Optical  anisotropy  was  induced  in  the  film  using  a 
polarized  Argon  laser  beam  at  514.5  nm  to  write  on  the  sample  at  a 
polarization  angle  of  45  degrees  with  respect  to  the  piobe 
polarization.  The  writing  beam  power  was  measured  at  0.2  W/cm  .  Ihv 
polarization  state  of  the  writing  beam  could  be  controlled  using  n 
Pockels  cell.  All  measurements  were  performed  at  room  temperature. 

5.  RESULTS  AND  DISCUSSION 

The  sample  that  we  have  studied  were  of  varying  thicknesses  and 
had  substantially  different  absorption  coefficients  at  514. 4nm.  We 
therefore  define  the  efficiency  of  writing  as  the  ratio  on  the  net 
birefringence  produced  in  the  sample  at  saturation  over  the  total 
energy  absorbed  by  the  sample  to  reach  saturation.  This  definition  is 
somewhat  different  than  the  usual  definition  of  efficiency  which  is 
the  ratio  of  birefringence  over  the  energy  of  the  writing  beam.  We  have 
attempted  to  compensate  for  the  samples  thickness  and  absorption 
coefficient  in  our  definition  in  the  hope  that  these  parameters  can  be 
adjusted  to  maximize  the  net  efficiency  of  a  particu.  ar  film. 

The  results  that  we  have  obtained  are  summarized  in  Table  1  where 
we  report  the  saturation  value  of  the  birefringence  A  n  and  the 
efficiency. 

We  note  that  all  the  samples  have  similar  efficiency  except  for 
pD03AA.  The  higher  birefringence  value  of  pDR19T  can  only  be  acheived 
by  writing  on  the  sample  with  more  energy,  in  this  case  the  exposure 
time  increased  in  proportion  to  the  increase  in  birefringence.  These 
results  reflect  the  semicrystalline  nature  of  pDR19T  .  The  optical 
anisotropy  is  believed  to  be  on  a  microdomain  size  rather  than  at  the 
molecular  level  and  this  cooperative  motion  leads  to  an  enhanced  effect 
but  requires  more  time  to  reach  saturation.  pDR19T  also  exhibits  a 
hysteresis  in  that  upon  optically  erasing  the  birefringence  and 
rewriting,  the  subsequent  levels  of  birefringence  are  lower. 


Table  1 

Birefringence  and  Efficiency 


Polymer 

k  n 

Ef f iciency=  An/Energy ( absorbed) 

(  10“6  cm3/J) 

pDRIA 

.07 

6 . 2 

pDRl 3a 

.  08 

4.4 

pD03AA 

.  06 

0 . 4 

pMEA 

.01 

3 . 2 

PDR19T 

.21 

2 . 5 

pD03AA  is 

an  example  of 

a  polymer  with  no  spacer  between 

azobenzene  group  and  the  main  chain.  The  restricted  internal  motion 
reorientation  results  in  a  much  slower  writing  process  and  consequently 
a  much  lower  efficiency. 

pDRIA ,  PDR13A,  and  pMEA  have  similar  saturation  values  and 
efficiency  even  though  their  absorption  coefficients  at  514.5  are 
substantially  different.  Furthermore  pMEA  has  no  push-pull  substituents 
on  the  azobenzene  groups  hence  the  cis  isomer  is  relatively  long  lived 
for  thermal  reverse  isomerization.  The  cis  to  trans  isomerization  is 
therefore  probably  optically  induced  at  a  rate  that  make  pMEA  as 
efficient  as  pDRIA .  This  reflects  the  higher  quantum  yield  for  the 
later  transition7. 

pDRIA  appears  to  be  a  most  favorable  candidate  for  reversible 
optical  image  storage,  but  its  absorption  coefficient  at  the  writing 
wavelength  is  on  the  order  of  10^  cm-1  which  means  that  the  films 
should  have  a  thickness  of  500nm  or  less.  This  is  too  low  to  produce 
efficient  films  for  holographic  recording.  We  have  theref 
investigated  blends  of  pDRIA  in  pMMA  and  copolymers  of  pDRIA  with  *  A 
in  order  to  decrease  the  dye  concentration  in  the  polymer  and  allowing 
the  production  of  thicker  films. 

Preliminary  results  on  the  efficiency  of  polymer  films  with 
varying  azo  content  are  presented  in  figure  1. 
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The  efficiency  of  the  polymer  blends  decreases  as  the  dye  content 
decreases.  This  could  be  explained  by  assuming  that  the  dye  molecules 
in  this  case  have  a  decrease  in  their  ability  to  move  when  surrounded 
by  the  denser  pMMA  chains.  Fewer  of  the  azobenzene  molecules  along  '  ' '«"> 
pDRIA  can  be  significantly  re-oriented. 

On  the  other  hand,  the  copolymer  exhibits  an  increase  in 
efficiency  as  the  azo  content  is  decreased.  This  may  be  a  consequence 
of  the  fact  that  each  azo  molecule  now  has  fewer  highly  polar  azo 
molecules  along  the  pDRIA  chain  and  that  their  individual  motion  is 
somewhat  greater.  Thus  the  writing  time  in  such  polymers  is  decreased 
because  of  lower  medium  range  interactions.  This  effect  could  also 
result  in  less  stability  of  the  written  information.  We  are  pres'-- 1  y 
studying  the  effects  of  nearest  neighbor  configurations  nd 
interactions  in  this  regard  and  to  aim  towards  an  optimum  composition. 


We  have  evaluated  the  efficiency  of  a  number  of  amorphous  polymers 
and  copolymers.  The  results  indicated  that  an  optimum  copolymer 
conf iguration  which  has  a  high  writing  efficiency,  which  would  permit 
the  preparation  of  thick  films,  and  which  would  still  exhibit 
erasability  and  long  term  stability  may  soon  be  possible. 
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